However, larger series have shown a rate of approximately 5%.
central conduction time (CCT) is usually calculated by the peakto-peak N13-N20 interval. The CCT can also be evaluated by measuring the interval between N13 and N20 onset latencies. 9 It is not known whether the change of stimulus frequency will affect SEP parameters in people with various diseases of the central nervous system that affect central conduction time.
In this study, our aim was to reveal the effects of changing the stimulus frequencies on latencies of median nerve SEP potentials and peak and onset central conduction times in patients with NB. We also tried to investigate whether the change of stimulus frequencies could be of convenient use in obtaining more accurate results in SEP studies of these patients.
MATERIALS AND METHODS

Materials
Our study group consisted of 14 patients with NB seen in our department over a two year period between 2003 and 2005. All patients fulfilled the diagnostic criteria of ISGBD (International Study Group for Behcet's Disease -1990 . 10 In addition, they all had neurological symptoms and signs consistent with neuroBehcet's disease (Table 1 summarizes the clinical, laboratory and imaging features of the patient group). Eleven patients were males and three patients were females. Their mean age was 33.57±8.12 years ranging from 22 to 45 years. Fifteen normal healthy people (11 males and 4 females) volunteered for the control group. Their mean age was 33.46±10.9 years, ranging from 20 to 46 years. Body heights and arm lengths of every patient and normal person were also measured. Somatosensory evoked potential studies by median nerve stimulation on both upper extremities of patients and controls were performed and 58 extremities were studied. Each SEP recording was performed four times for four different stimulation frequencies on each extremity and thus 232 SEP recordings were performed. Beforehand each patient and normal control had nerve conduction tests and needle electromyography (EMG) in order to exclude peripheral neuropathy and/or mononeuropathies that could affect the results of the study. On the basis of EMG results, THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES 388 we excluded three patients who had polyneuropathy diagnosed electrophysiologically and the original number of 17 patients declined to 14. Every patient had a thorough neurological examination besides proper imaging tests (Cranial MRI and/or cervical spinal MRI). Some of the patients had also pattern visual evoked potentials (VEPs) and brain stem auditory evoked potentials (BAEPs) (Ten patients had VEPs and ten had BAEPs).
All the patients and controls signed consent forms and the procedure was explained thoroughly to all of them. Both of the groups were told that if the stimulation felt painful, the test would be stopped. All of the patients and controls could tolerate the higher stimulation frequencies.
Methods
During median nerve SEP recordings, surface electrodes were used and the impedance was kept under 5 k ohm. All recordings were performed on Dantec Keypoint. The median nerve SEP montage included the erb channel where ipsilateral and contralateral erb points were selected as the localizations for active and reference electrodes respectively. The active electrode for the spinal channel was placed on the fifth cervical spinous process (cv5) whereas the supraglottal region on the midline was chosen as the reference point. Active electrode of the scalp channel was placed five centimetres posterior to Cz and seven centimetres lateral to midline, while the reference electrode was on Fz. The ground electrode was placed on the forearm.
Parameters that were compared statistically between the two groups were peak latencies of N13 and N20 potentials, onset latencies of N13 and N20 potentials and peak and onset central conduction times at 2Hz, 4Hz, 6Hz and 9Hz stimulation frequencies (The estimation of peak and onset latencies of N13 and N20 together with peak and onset CCTs are shown in Figure  1 ). Mean values and standard deviations of every parameter in different stimulations were calculated in both of the groups. Apart from the statistical comparison test (Student t test) that was used to compare the parameters between the NB group and the control group, additional tests (Repeated Measures ANOVA and paired samples test) were used to compare the parameters at different stimulation frequencies within the same group. Fisher's Exact Ghi-square and Student t tests were used to perform statistical comparisons of age, body height, sex and arm length between the NB group and the normal group.
The electrical stimuli applied to the median nerve consisted of rectangular pulses of 0.2 msec in duration. Sweep speed was 5 ms/div, sensitivity was 5µv/div and the amplifier had a frequency band of 20Hz-2 kHz. Stimulus frequency was changed to 2Hz, 4Hz, 6Hz and 9Hz in each successive recording. Stimulus intensity was adjusted to the stimulus causing minimal abduction of the thumb. The number of responses elicited in each trial was 1000 and analysis time was 50 msec. Each trace was replicated at least once and superimposed in order to demonstrate the reproducibility. Peak latencies were marked at the sharpest tip of the negative potentials while onset latencies were measured from the take off point of the potential from the isoelectrical line ( Figure 1) .
Following median nerve stimulation, the peak CCT was calculated by subtracting the peak latency of the spinal N13 component from the peak latency of the cortical N20 potential.
The onset CCT was calculated by subtracting the onset latency of spinal N13 potential from the onset latency of the cortical N20 potential (Figures 1,2 ).
RESULTS
Twelve patients had lesions in imaging studies. Nine of these patients had lesions that could affect CCT (64% of all patients). Seven patients had prolonged CCT values at 2Hz (%50), all of them had prolonged onset CCT values (%50), only two of them had prolonged peak CCT values (14%) and the remaining five had normal peak CCT values. Only four patients who had prolonged CCT values had lesions compatible with the prolongation of CCT (28.5%) ( Table 1) . Nerve conduction studies and needle EMG of all patients and controls were in normal limits. No statistically significant difference existed in comparison of age, body height, sex and arm length between the NB group and the normal group (p>0.05).
N13 peak latency
N13 peak latency values of the NB group were statistically higher than the values of the normal group at all stimulation frequencies (for 2Hz, 4Hz and 9Hz: p<0.01, for 6Hz: p<0.05) ( Table 2 ).
In the NB group the values of N13 peak latency did not show any statistically significant differences from each other at different stimulation frequencies (p>0.05) ( Table 2 ).
In the normal group, the values of N13 peak latency at 9Hz stimulation were statistically higher than the values both at 2Hz and 4Hz stimulations (p<0.01 and p<0.05 respectively). The values of N13 peak latency at other stimulation frequencies did not differ from each other statistically (p>0.05) ( Table 2 ).
N20 peak latency
N20 peak latency values of NB group were statistically higher than the values of the normal group at all stimulation frequencies (for 2Hz, 6Hz and 9Hz: p<0.01, for 4Hz p<0.05) ( Table 3 ).
In the NB group, the values of N20 peak latency at 6Hz stimulation were statistically higher than the values at 2Hz (p<0.05). The same was true for the values at 9Hz stimulation when compared with the values at 2Hz (p<0.01). The values of N20 peak latency at 9Hz were higher than the values at 6Hz (p<0.01). There were not any statistically meaningful differences between the other comparisons within the same group (p>0.05) ( Table 3 ).
In the normal group, the values of N20 peak latency at 4Hz and 6Hz were higher than the values in 2Hz (p<0.01). The values at 9Hz were higher than the values at 2Hz (p<0.01). The other comparisons did not show statistically significant changes (p>0.05) ( Table 3) .
N13 onset latency
The values of N13 onset latency did not show any statistically significant differences between the NB group and the control group (p>0.05) ( Table 2 ).
In the NB group, the values of N13 onset latency at different stimulation frequencies did not show statistically meaningful changes when compared with each other (p>0.05) ( Table 2 ).
In the control group, the values of N13 onset latency at 9Hz and 6Hz frequencies were statistically higher than the values at 2Hz (p<0.05). There was not any statistically meaningful differences in other comparisons (p>0.05) ( Table 2 ). 
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N20 onset latency
N20 onset latency values of the NB group were statistically higher than the values of the normal group at 4Hz and 9Hz stimulations (p<0.05 and p<0.01 respectively). The 2Hz and 6Hz values of the patient and control groups did not show any statistically meaningful changes when compared with each other (Table 3 ).
In the NB group, the values of N20 onset latency at 4Hz and 9Hz stimulations were higher than the values at 2Hz stimulation (p<0.05 and p<0.01 respectively). The values at 9Hz stimulation were higher than the values at 6Hz stimulation (p<0.05). The other comparisons did not show statistically meaningful changes (p>0.05) ( Table 3 ).
In the control group, the values of N20 onset latency at 2Hz were higher than the values at 4Hz and 9Hz (p<0.05 and p<0.01 respectively). The values at 6Hz were higher than the values at 2Hz (p<0.01). The other comparisons did not show statistically meaningful changes (p>0.05) ( Table 3) .
Peak central conduction time
The comparison of peak central conduction time values at all stimulation frequencies did not show any statistically meaningful changes between the NB group and the control group (p>0.05) ( Table 4 ).
In the NB group, the values of peak central conduction time at 4Hz were statistically higher than the values at 2Hz (p<0.05). The same was true for the values at 9Hz when compared with the values at 2Hz (p<0.05). The other comparisons did not show statistically meaningful changes (p>0.05) ( Table 4 ).
In the control group, the values of peak central conduction time at different stimulation frequencies did not show any statistically meaningful changes from each other (p>0.05) ( Table 4) .
Onset central conduction time
The values of onset central conduction time of the NB group were higher than the values of the control group at 4Hz and 9Hz stimulation frequencies (p<0.05 and p<0.01 respectively) ( Table 4 ).
In the NB group, the values at 4Hz and 9Hz stimulations were higher than the values at 2Hz (p<0.05). The other comparisons were not meaningful statistically (p>0.05) ( Table 4 ).
In the control group, the values of onset central conduction time at different stimulation frequencies did not show statistically meaningful changes when compared with each other ( p>0.05 ) ( Table 4) .
DISCUSSION
Somatosensory evoked potentials and the estimation of peak CCT were performed in patients with NB in several former studies. 4, 5, 11, 12 However, to our knowledge, the effects of change of stimulation frequencies on SEP parameters have not been studied in this patient group, previously. Onset central conduction time in SEPs of NB patients has not been studied before, either.
We deliberately chose the SEP montage recommended by Mauguière et al 9 in this study because the N13 potential is recorded with maximal amplitude using the Cv-AC channel, it is the spinal montage recommended by IFCN (The International Federation of Clinical Neurophysiology in 1999 and to our experience, helps provide more accurate onset and peak latency locations for the N13 potential.
Rizzo et al studied median and peroneal SEPs in two patients with NB, whereas Besana et al studied tibial SEPs in patients with Behcet's disease. Both studies reported pathologic peroneal and tibial SEPs, while median nerve SEPs were normal. None of them discussed central conduction time in the patient groups. 10, 11 Nakamura et al, 4 studied 17 patients with NB and found that the interpeak latency EP-N13 or N13-N18 of median nerve SEPs were prolonged in 37, 7% of the patients. In median nerve SEPs there were no appreciable prolongation of the interpeak latency EP-N13, however peak central conduction time was significantly prolonged (p<0.01). Onset central conduction time was not assessed in this study, either.
Stigsby et al 5 reported that the predominant abnormalities encountered in Behcet's disease were reduced potential amplitudes whereas slowing in conduction was rather mild. Nakamura et al 13 supported this distinction for peroneal SEPs though they specifically postulated that slowed median nerve SEP central conduction time and abnormal BAEPs were more common in neuro-Behcet than in multiple sclerosis (MS). However, onset central conduction time was not determined in patients with NB and therefore the above comparison involved the peak central conduction time only.
In our study, we have measured not only the peak CCT, but also the onset CCT. The results of our study showed that 64% of our patients had MRI lesions which could have affected CCT. Only 14% of patients had prolonged peak CCT values while 50% had prolonged onset CCT values. Three patients who did not have lesions in the somatosensory pathway had prolonged onset CCT values. Thus, our study showed that SEPs and imaging tests could be complementary, not merely confirmatory. Our results also indicated that onset CCT values of the NB group showed more pathological values when compared with peak CCT values and that they differed from the values of the normal group. Studies concerning the changes of stimulus frequencies were performed in normal healthy volunteers before, but to our knowledge, they have not been studied in patient groups. Manzano et al 6 stated that increasing the stimulation frequency did not change the peak central conduction time in normals whereas absolute and onset latencies increased. Garcia Larrea et al 14 stated that there was no single optimal stimulation rate for SEP recordings and that a combination of different frequencies of stimulation should enhance the diagnostic utility of this technique.
Results of our study showed that peak and onset latencies of N13 and N20 potentials changed when different stimulation frequencies were applied in the normal controls. The absolute latencies usually increased at higher stimulation frequencies, however the peak central conduction time did not change. This finding overlaps the findings of Manzano et al 6 who explained this last finding in terms of fast frequency components (FFC) that were possibly generated in the thalamocortical pathway. They believed that FFC determined the N20 peak in different situations. In our study we also found that onset central conduction time did not change in the normal group when stimulation frequencies were increased. The reason for this observation remains unknown at this time and it is also highly controversial whether the explanation made by Manzano et al is also adaptable to patients with NB who probably may have lesions in the thalamocortical pathway which may not be revealed by conventional imaging studies.
All in all, it is quite obvious that the diagnostic findings of this study may not be very specific for NB. However, using different stimulation frequencies yield some important results referring the physiological dynamics of SEPs. It was suggested that rate effects in SEP recordings of normal people were partly due to selective sensitivity of postexcitatory inhibitory postsynaptic potentials to stimulation frequency. 8 Diseases affecting the somatosensory pathway may perhaps alter the nature of this selective sensitivity and thus, may produce abnormal changes by exaggerating the influence of these inhibitory effects on SEP parameters in response to higher stimulation frequencies. Hence, this condition may explain why some patients have prolonged absolute latencies and central conduction times when compared with normal people. The differences between impacts of various lesions (e.g demyelination or axonal degeneration) on physiological dynamics of SEPs are hard to suggest, as studies dealing with this subject in different patient groups are very rare.
Our results confirm that the mostly encountered median nerve SEP pathologies in NB patients include the increase in peak latencies of N13 and N20 potentials. Unlike Nakamura et al, we did not find statistically meaningful differences of peak central conduction time between the NB group and the control group and this determination did not change whether we increased the stimulation frequency or not. In this particular aspect, our NB group did not show any statistically meaningful differences from the normal group. However, the statistical evaluation in the NB group showed that the values of peak central conduction at 4Hz and 9Hz were statistically higher than the values at 2Hz.
We believe that our most important findings in this study comprise the onset CCT changes in different stimulation frequencies. Our results indicated that the values of onset CCT of the NB group were higher than the values of the control group at 4Hz and 9Hz stimulation frequencies (p<0.05 and p<0.01 respectively). However, the normal group did not show any changes of onset CCT at higher stimulation frequencies.
Our results may be interpreted that although peak CCT values of the NB group do not differ much from those of normal controls, the statistical differences of onset CCT are meaningful especially when the stimulation frequency is increased as 4Hz and 9Hz.
It is controversial whether onset CCT is correlated with subject height, 15, 16 but values of body height of our patients did not show statistically meaningful differences when compared with the control group. Ozaki et al 15, 17 reported in several of their studies that the "conventional" peak CCT measurement of median nerve SEPs was inadequate and that onset CCT had to be measured also. Tonasaki et al 18 reported in another study that the peak CCT was more affected by aging than the onset CCT. Therefore, they concluded that the onset CCT measurement was preferable to the peak CCT measurement when assessing the central somatosensory conduction. However, to our knowledge, onset CCT measurements have not been studied in most of the patient groups with prolongation of peak central conduction times. Our main concern to design this study was to observe the changes in central conduction time in patients with NB when the stimulation frequencies were increased. Both Nakamura et al 4 and Stigsby et al 5 implied that the diagnostic utility of central conduction time in neuro-Behcet patients was not as efficient as its utility in multiple sclerosis patients who showed prominent prolongation of central conduction time.
While performing our study, we wondered whether our results would help to find a more convenient usage of median nerve SEPs in neuro-Behcet patients in whom the prolongation of CCT seemed less prominent than the MS group in former studies. Now we believe that our results favour the usage of onset CCT along with peak CCT over the usage of peak CCT alone. We also conclude that a design of median nerve SEP study that comprises onset CCT measurements at higher stimulation frequencies may be more helpful to diagnose the pathologies of central conduction time in neuro-Behcet's disease.
